Abstract. Human papillomavirus (HPV), in addition to smoking and alcohol, is a cause of oropharyngeal squamous cell carcinoma (OPSCC), particularly of the tonsils and base of the tongue (TSCC and BOTSCC, respectively). Moreover, HPV-positive TSCC and BOTSCC are associated with a better outcome compared with their HPV-negative counterparts (80 vs. 40% 3-year disease-free survival rate, respectively) and their incidence has increased in several countries. Recently, accumulating evidence of HPV in a considerable proportion of cancers of unknown primary (CUP) in the head and neck region and in a small proportion of hypopharyngeal SCCs has been reported. Furthermore, HPV-positive tumours, particularly cases with HPV DNA positivity in combination with overexpression of p16, also tend to have a better clinical outcome compared with that of the corresponding HPV-negative tumours. This finding is particularly prominent in HPV-positive CUPs of the head and neck region, where the primary tumour likely originates from the oropharynx. Thus, the determination of HPV status and p16 expression may be of value for the diagnosis and treatment of CUP of the head and neck region and may also be of value for hypopharyngeal cancers in the future. However, for hypopharyngeal cancer as well as other non-OPSCCs, additional studies per subsite on the effect of HPV status on survival are required.
Introduction
In 2007, human papillomavirus (HPV) type 16 was defined, in addition to smoking and alcohol, as a risk factor for oropharyngeal squamous cell carcinoma (OPSCC) by the International Agency for Research on Cancer (1) . Among OPSCC sites, HPV is mostly found in SCCs of the tonsils and the base of tongue (TSCC and BOTSCC, respectively), which differ from the corresponding HPV-negative tumours (1) . Most notably, patients with HPV-positive TSCC and BOTSCC have a significantly better prognosis compared with those with the HPV-negative counterparts and other head and neck SCCs (HNSCCs), with a 5-year disease-free survival (DFS) rate of 80 vs. 40%, respectively (1) (2) (3) (4) . Furthermore, in several Western countries, the incidence of TSCC and BOTSCC has increased, mainly due to an increase in the incidence of HPV infection; however, the fraction of HPV-positive tumours varies between countries, which is likely due to different cultural and smoking habits (1, (5) (6) (7) .
In countries where smoking has declined, HPV-positive TSCC and BOTSCC account for a larger proportion of HNSCC, a transition affecting treatment strategies (1). Lately, HNSCC therapy (including HPV-positive OPSCC) has been intensified, with hyperfractionated radiotherapy (RT), chemotherapy and targeted therapy added to the previously administered conventional RT or extensive surgery, causing more serious side effects (1) . Intensive therapy is not required for all HPV-positive TSCCs and BOTSCCs, and efforts have been focused on identifying additional prognostic markers in combination with HPV, in order to select patients for Human papillomavirus is a favourable prognostic factor in cancer of unknown primary in the head and neck region and in hypopharyngeal cancer (Review)
de-escalated RT and chemotherapy, or for minimal invasive surgery, such as robotic surgery (1, 8, 9) . In addition, attention has been directed towards identifying HPV at other head and neck sites. Accumulating reports describe the presence of HPV DNA in several cancers of unknown primary (CUP) in the head and neck region, as well as in a minority of hypopharyngeal cancers and other non-OPSCC locations (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . Notably, patients with HPV-positive tumours, particularly in CUP of the head and neck region and possibly also in hypopharyngeal cancer, tend to have a better clinical outcome compared with those with corresponding HPV-negative tumours, in whom HPV status may also have implications for diagnosis and therapy (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) 27, 28) . However, this has not been investigated in the same detail for other cancer locations in the head and neck region, whereas reports usually compare survival between patients with HPV-positive and those with HPV-negative non-OPSCC.
The aim of the present study was to investigate certain aspects of the effect of HPV on clinical outcome for CUP of the head and neck region and hypopharyngeal cancer.
CUP of the head and neck region
The first sign of head and neck cancer is often a lump in the neck, i.e., a lymph node metastasis. The diagnostic work-up with fine-needle aspiration cytology (FNAC), computed tomography (CT) including the chest, and primary tumour biopsies if a tumour is evident, eventually reveal the primary site. In 1.5-9% of the cases, however, a primary tumour may not be identified, despite a systematic clinical work-up including tonsillectomy, random biopsies from the base of the tongue and nasopharynx, and magnetic resonance imaging of the head and neck (17) . In such cases, the lymph node metastasis is defined as CUP of the head and neck region (10) (11) (12) (13) (14) (15) (16) (17) . FNAC showing a cancer other than SCC, e.g. adenocarcinoma, is indicative of a primary tumour likely situated outside the head and neck region, while a SCC suggests a HNSCC (10) . It was previously suggested that CUPs at different sites of the body exhibit similar biological behaviour, with early progression and metastasis. However, CUP (SCC) of the head and neck region often resembles advanced HNSCC and has a 35-50% 5-year DFS, while CUP at other sites has a median survival significantly lower than 1 year (10-17). To confirm the cytological diagnosis with histopathology and as part of the treatment, the preferred approach in several centres remains neck dissection and removal of lymph nodes from levels I-II to IV-V (depending on the centre). An SCC metastasis in level II or III of the neck likely originates from an OPSCC, while a metastasis further down may suggest a different origin.
Recent studies reported the prevalence of HPV DNA, p16 or both in CUP of the head and neck region (10) (11) (12) (13) (14) (15) (16) (17) . The highest HPV prevalence (59-92%) was observed in patients who were not subjected to tonsillectomy or random biopsies from the base of the tongue, who were at a higher risk of missing a minute TSCC or BOTSCC (17) . In patients who had undergone tonsillectomy and random biopsies, the HPV prevalence was lower (28-52%) (17) . Furthermore, the application of robotic surgery to the diagnostic work-up of patients classified as CUP, comprising the removal of lymphoid tissue localised superficially in the base of the tongue, has showed promising results and improvement of the detection rate of the primary tumours (8) . Thus, a variation in HPV prevalence in CUP of the head and neck region is to be expected, depending on the diagnostic procedure; furthermore, HPV prevalence differs widely for OPSCC between countries and over time (1, (5) (6) (7) .
It has been demonstrated that HPV-positive CUP of the head and neck region has a significantly better prognosis compared with that of HPV-negative CUP (10) (11) (12) (13) (14) (15) (16) (17) . In one report, 40% of CUP cases were HPV-positive and had a 3-year overall survival (OS) rate of 80%, compared with 36.7% in the HPV-negative cases, with similar DFS (14) . In another study, 22% of the cases were HPV-positive and had a clear OS benefit, also when adjusted for advanced age in a multivariate Cox regression analysis (15) . The fact that the survival of HPV-positive CUP was similar to that of HPV-positive TSCC and BOTSCC, further supports the hypothesis that HPV-positive CUP may originate from these sites (13) (14) (15) . Other studies have shown a trend towards better survival, but did not reach statistical significance, possibly due to the limited size of the samples (11, 12) .
HPV in hypopharyngeal cancer
The presence of HPV has also been investigated in hypopharyngeal cancer with varying results. In our previous study, the prevalence of HPV in hypopharyngeal cancer in Stockholm, Sweden, was investigated in cases diagnosed between 2000 and 2007 (20) . The presence of HPV DNA was detected in 7/109 (6%) of the tumours that were available for evaluation, and 4/7 HPV-positive tumours were HPV16-positive (3.7%) and also overexpressed p16, with 3/4 of the latter patients surviving for >5 years (20) . There was, however, no statistically significant difference in survival between patients with HPV-positive/p16-overexpressing tumours compared with patients with HPV-negative hypopharyngeal cancer, which is likely due to the limited number of HPV16 DNA-positive/p16-overexpressing cases (20) . The remaining 3 HPV-positive tumours did not overexpress p16 (20) . In the same study, p16 overexpression was observed in 14% of the hypopharyngeal cancer cases, and was not found to be a suitable surrogate marker for the presence of HPV DNA; furthermore, it was not correlated with survival (20) . This study was later followed up to determine whether the proportion of HPV-positive tumours had increased in the Stockholm region during the years 2008-2013, and whether the combined presence of HPV16 DNA and p16 overexpression was correlated with survival (22) . The prevalence of HPV16 had not increased and was 3.7% (22) . Notably, among the 142 patients diagnosed in 2000-2011 with hypopharyngeal cancer in Stockholm, Sweden, the ones with tumours that were HPV16 DNA-positive and overexpressed p16, had a significantly better 3-year OS (P=0.0185) compared with others (22) . In addition, a similar tendency was observed for disease-specific survival (DSS) (P= 0.0581). Furthermore, the 3-year OS and DSS were 86% for patients with HPV16 DNA-positive/p16-overexpressing tumours, which was very similar to that reported for patients with HPV DNA/p16-positive TSCC/BOTSCC (1,3,4) . Thus, the limited prevalence of HPV16 DNA combined with p16 overexpression indicates that HPV16 is not a major cause of hypopharyngeal cancer, but it may confer a prognostic benefit (22) .
Other studies reported an HPV prevalence of 0-82%, with a recent meta-analysis showing an average of 21.9% (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . The majority of the studies in the meta-analysis differed from the study by Ernoux-Neufcoeur et al, which reported an 82% HPV prevalence, as only 9% of the tumours overexpressed p16, suggesting that, in that study, only a limited number of tumours truly had an active HPV infection (19, 21) .
High-risk HPV infection as a prognostic positive marker was also demonstrated in a study by Joo et al (24) . In this report, high-risk HPV DNA determined by in situ hybridization was present in 7/64 (10.9%) of hypopharyngeal SCC cases, and was more commonly found in cancers of the pyriform sinus compared with other hypopharyngeal cancer sites. Furthermore, patients with HPV-positive hypopharyngeal cancer had a better DFS (P=0.026) and a better DSS (P=0.047) compared with those with HPV-negative cancer (24) .
Finally, in a cohort similar to ours (20, 22) , but significantly smaller (27 patients), it was not possible to correlate p16 overexpression with survival or the presence of HPV DNA (25).
HPV in non-OPSCC sites other than CUP and hypopharyngeal cancer
HPV has also been demonstrated at other non-OPSCC subsites in the head and neck region, although its prevalence is generally significantly lower compared with that in OPSCC (26, 27) . Furthermore, fewer studies report the effect of HPV per subsite, and when grouped together, the impact of HPV on survival is generally not significant (27) . However, certain studies indicate that the presence of HPV DNA together with p16 overexpression, or the presence of p16 overexpression alone, should be taken into account in patients with laryngeal cancer, while others suggest the opposite (28,29).
Conclusions
Accumulating evidence demonstrates that HPV16 DNA, also most often accompanied by p16 overexpression, is frequently found in CUP of the head and neck, and patients with this profile have a better prognosis compared with those with HPV-negative CUP, similar to patients with HPV-positive TSCC and BOTSCC. SCC cytology and positive HPV16 DNA and p16 status in CUP may therefore allow for treatment directed towards the base of the tongue and palatine tonsils, including radiotherapy/chemoradiotherapy or a minimally invasive surgical approach alone, comprising transoral robotic surgery with corresponding neck dissection.
In hypopharyngeal SCC, HPV16 DNA was not as frequently found as in CUP of the head and neck region, and overexpression of p16 cannot be used as a surrogate marker for HPV or as a predictive marker for survival. However, patients with HPV16 DNA-positive p16-overexpressing hypopharyngeal cancer tend to have a better clinical outcome compared with those with HPV-negative cancer. For hypopharyngeal cancer, where the choice between primary surgery and primary radiotherapy/chemoradiotherapy is a major issue, HPV status together with overexpression of p16 may prove to be of use for decision-making. However, further studies on the effect of HPV status on survival, in hypopharyngeal cancer as well as in other individual non-OPSCC subsites, would be justified.
